Building design is developed into complexities, especially because of the emergence needs on applying a concept of sustainability. Aesthetic and engineering systems are no longer as main consideration in a design production process. Collaboration is needed to facilitate the integration of multiple knowledge and participants in a design process. In the process, multiple experts are required for achieving the best design. This paper purposes to discover issues and solutions as the important factors of collaborative design. Literature study is applied to determine the factors which are physical, technical, and social factors. They are found as three main aspects to be considered in supporting successful collaborative design. It is also found that recently, research in this area is directing for developing social factors as main issue. Factor analysis is also used as methodology to identify and analyze the similarities and interdependencies between factors. Analysis of data which is gained from designers and experts in Indonesia discovers that the three factors are reduced into two factors. The model of successful collaborative design is developed based on two findings in this research, that is not only conceptually but also empirically.
Introduction
Implementation of sustainability concept in a project development causes a building design into complexities, and it causes the need to involve multiple experts to accomplish the design. Stasinopoulos et al. (2009) described that building systems is not the only aspect that need to be considered in building design. The impact of building to sustainability as whole system of built environment is another important factor. It is supported by Wang et al. (2010) whom stated that long-term environmental and economical benefits of urban growth and development are important to be considered in the concept of building design. Based on review, it is found that collaborative design is an essential approach to facilitate multi participants in a design process (Kalay et al., 1998) , as Kvan (2000) found that various experts are involved in design process to acquire suitable knowledge. They were able to work together simultaneously in integrating their expertise to gain best design as best shared solutions through collaborative design. This achievement will support the sustainability of project development. Related with this statement, Utomo and Rahmawati (2012) had found that in developing sustainable project development, especially in vertical housing, collaborative design has important role in supporting it.
Researches in collaborative design are mainly discussing about the achievement of successfulness (Rahmawati et al., 2013 ). Most of them described issues which are contributed to failure in achieving the most appropriate design. The inventions of methods, tools, or systems which supported collaboration in design process are also discussed in the researches. Due to the important need of successful design in supporting sustainable project development, this research is conducted to discover factors which support successful collaboration. It identifies issues and solutions that have been developed in previous research. Literature review is used as methodology in this research. There are three main processes which are used to implement the methodology (Levy & Ellis, 2006) , that consist of collecting papers, analyzing papers, and synthesizing papers. In applying literature review, researches in this area are collected and classified based on similarity of issues and solutions that have been described and purposed. And then it is continued with synthesizing process by comparing and combining the classified issues and solutions. The discovered factors that are classified in each group will be determined as www.ccsen supported design. Th
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Collaborative Design Research Development
There are three categories of issues and solutions which have been developed. They are categorized as physical approaches, technical approaches, and social approaches. Each category has different contents, but all groups have one similar purpose, that is to support the achievement of successful collaborative design.
Physical Approaches
Physical approach contains of solutions to face or avoid physical issues related with time and place availabilities of participants. These issues can be avoided by providing virtual workspace in collaborative design process (Kvan, 2000) . In line with Kvan (2000), Woo et al. (2001) also found that workspace can be used to face physical issues by providing system that able to record the design process and also system that able to support each participant in modifying design object. Some other tools and systems are used and developed to deal with physical issue, which consisted of internet and web application (Wang et al., 2002) ; Electronic Cocktail Napkin, PHIDIAS Hypermedia System, Construction Kit Builder, Hypersketch Prototype, and Digital Design Sketchbooks and Mobile (Gross et al., 1998) ; and also Virtual Design Studio which is known as VDS (Kolarevic et al., 2000) .
Another way was also purposed by Lee and Gilleard (2002) , by developing Hypermedia system to create virtual discussion tables with purpose to facilitate activities in exposing data or information from participants. Computer Aided Design (CAD) also has ability to facilitate the physical collaboration (Li et al., 2005) . According to Nam Social Approach Gross et al. (1998) Vol. 7, No. 2; and Wright (2001), CAD is able to support a shared 3D workspace in facilitating the activities of building and editing virtual 3D Model in design process. Verheij and Augenbroe (2006) also purposed model to facilitate the mediating process by integrating Project Planning Process Model (PPPM) with web-enabled B2B facility. This integrated model can be used to build virtual workspace with purpose to manage the physical collaboration of participants along with different time and place availability.
Technical Approach
There are some weaknesses in the use of shared workspace. Conflict is the main issue that emerges as weakness of shared workspace, in which it leads to unfinished design (Ren et al., 2011) . The divergence of backgrounds and expertise caused the appearance of different perception between participants (Gu et al., 2005) , that able to generate conflicts. This issue influences decision making in design process (Utomo & Idrus, 2011) . Building shared understanding environment is essential in order to avoid conflicts (Simoff & Maher, 2000) .
Shared understanding can be achieved by managing data and knowledge during design process (Chiu & Lan, 2005) . As Kvan and Candy (2000) had described, shared understanding can be achieved by integrating data and knowledge through KM. Technical approach contains of issues and solutions that related with the achievement of shared understanding between participants by using KM, in which the purpose is mostly to technically collaborate the design process. Information about design development, such as design alternatives, design criteria, descriptions or narratives and also decisions, is defined as knowledge in collaborative design. This knowledge is need to be managed to achieve shared understanding, in which it will mainly support the integration process (Detienne, 2006) and also negotiation process (Lottaz et al., 2000) .
KM is useful to maintain data integration in supporting problem solving and decision making (Veeramani et al., 1998) . Design objects classification (Huifen et al., 2003) ; information patterns revelation using data mining (Chiu & Lan, 2005) ; and reducing semantic conflicts by library building (Gu et al., 2005) are some systems that have been developed. Saad and Maher (1995) stated that KM is able to support the achievement of shared understanding environment. Based from this approach, Shared Design Thinking Process Model is purposed (Du et al., 2011) . Besides shared understanding, facilities that support modification of design object are also essential in collaborating design process (Leeuwen & Fridqvist, 2006) . Related with these findings, information modeling of design object that support decision-making activities has been developed by Plume and Mitchell (2007) .
Shared understanding environment can also be achieved by understanding the process of design development completely. Story of design process and the chronologies of problems solved are necessary to be recognized by all participants. An exploratory research conducted by Gabriel and Maher (2002) found that the important factor is the application of textual communication in design process and also the provision of recording system, where communication between participants were stored in the form of textual communication. It is also found that textual communication able to made participants easier in understanding design development. To support shared understanding, Lahti et al. (2004) found the arrangement and organization of tasks, which are also need to be considered in the process. It is also found that collaboration is able to be done through Virtual Design Studio (VDS), but successfulness can only be achieved if social infrastructure in design team is considered. Both physical and technical approaches that have been developed before are no longer become the most important factors. The weaknesses of technical approaches, that only have ability to collaborate design objects without ability in collaborating participants, are leading to consider the social factors in the process. The collaboration is involving participants as well, which makes factors related with participants and design teams are essential to be concerned (Girard & Robin, 2006) .
Social Approach
Social approach consists of issues and solutions related with participants and design team that are used with purpose to gain best knowledge from participants (Vivacqua et al., 2011) and also to achieve best shared solution as design goal (Lu et al., 2007) . Social issues are caused by diverse participants' behaviors (Peng, 1994) that influence the appearance of inadequate communication between participants. The provision of communication facilities, which is mostly ICT-based tools and system, can also generate social issues which lead to influence the design team (Cheng, 2003) . In supporting collaboration of participants, Patel et al. (2012) suggested seven main factors that need to be concerned, that consists of context, support, tasks, interaction process, teams, individuals, and overarching factors. Other research found that collaboration can be generated through integrated design team (Ping et al., 2011) , in which it is necessary to create teamwork at the first step of collaboration in order to build integrated teamwork. The integration will lead to effective design process (Lin et al., 2008) . Related with its importance, coordination of task and its interdependencies during the process need to be considered in realizing the integration of dispersed participants. It is developed based on the need to integrate participants physically, where participants are able to work together without facing difficulties related with time and place availabilities. But some research found that shared workspace has some weakness in supporting the successful collaborative design (Gabriel & Maher, 2002) , that is difficulties in integrating design objects.
The issues develop into the appearance of conflicts that are caused by misunderstanding between participants. It is because of each participant did not understand design development, in which participants cannot recognize any objects or concept of design that had been changed, modified, done and shared by other participants. According to research conducted by Gabriel and Maher (2002) , this issue can be solved by implementing KM in collaborative design process. KM can be applied by providing systems and tools that able to record the design process, where each participant is able to discover and understand the design development and also the reason behind it. Issues related with the integration of design process and design object are main issues that are developed in technical approach. Some technical approaches that are based on KM are developed (Plume & Mitchell, 2007; Dave & Koskela, 2009; Veeramani et al., 1998) . Main purpose of the approaches is to manage data and to achieve similar perception between participants. The approaches consist of building systems in revealing data of design development (Chiu & Lan, 2005) , building library to classify design object (Gu et al., 2005) , and also storing data changes (Huifen et al., 2003) . Shared understanding can be achieved in condition that all design development process is recorded, so that each participant is able to trace design developments which have been done by others. This facility will made participants are able to understand other participant's thought.
Limited environment in virtual workspace causes lack of social interaction in collaborative design process. Even though there are some endeavors in supporting the virtual work by using technical approach in achieving shared understanding environment between participants, some research found that it can only support the integration of design object, and it cannot integrate the participants (Kolarevic, 2000; Lahti et al., 2004) . It is important to consider the social factor (Rahmawati et al., 2012a) , because it can affect to the effectiveness of collaboration process which will lead to unsolved problems, insufficient design, and unfinished design process (Weinel et al., 2011) . Based on this issue development, research is then grown and developed to consider social approach. The social approach consisted of teamwork management, communication, culture, organization, individual behavior, etc. There are some researches which consider in combining technical and social approaches (Lu et al., 2000; Lu et al., 2007) . It can be predicted that research in the area of collaborative design is leading to consider the social approach in achieving the optimum design. It not only can be used as a basic foundation to run the process effectively, it also able to support in revealing and integrating best solution from experts. Kvan (2000), Woo et al. (2001) , Gross et al. (1998) ICT-based tools and systems that need to be applied to support virtual meeting and to avoid time-place availabilities issues 
Empirical Study of Collaborative Design in Indonesia
Consideration of social relationship between participants in design team
The concept of collaborative design is also applied at design process in Indonesia (Rahmawati et al., 2013b) , which is concluded from the indicators of collaborative design that are mostly found in design process. Physical factors, technical factors, and social factors are found to be important factors in supporting collaborative design. Vol. 7, No. 2; technically but also socially. Technically integration of participants can be achieved through endorsement of ICT-based tools and systems, as Gross et al. (1998) had discovered that ICT able to support the integration of participants through virtual meeting. Most of respondents declared that technological issue is the most essential issue at collaborative design process in Indonesia. Based from interviewed to all respondents, the ICT that are applied in Indonesia restricted to the use of phone (75%), facsimile (53.13%), email (84.38%), recording tools (6.25%), virtual studio (3.13%), and teleconference (9.38%). The result is presented on Figure 7 . Figure 7 . Technology used at collaborative design process in Indonesia
The use of email is dominating in supporting collaborative design in Indonesia, which is shown that 84.38% respondents are using email to support the design process. Beside email, phone and facsimile are becoming tools that are mostly used. Collaborative design is recently developed in Indonesia (Rahmawati et al., 2013b) , and the limitation used of supported tools and systems made the successful is hard to be achieved. Issues related with time and place availabilities of participants in conducting physical meeting are still becoming essential issue in Indonesia. Physical approach is vital due to the appearance need of technology in design process. Rahmawati et al. (2013) found that ICT-based tools and systems became the most important factor amongst others in Indonesia.
Respondents have similar perception with study resulted by Kvan (2000) , that is technology through ICT-based tools and systems is the most important factors. In which it is also akin with Woo et al. (2001) and Gross et al. (1998) . Kolarevic et al. (2000) also proofed that the ICT able to support physical integration of participants, but it is also found the ICT cannot support the integration of design process, related with design object and also design participants as teamwork. Based on this analysis, it can be described the result of factor analysis. ICT is grouped as the only factor in Factor 1, it is because ICT does not have similarities with other factors. This finding is related with finding resulted by Kolarevic et al. (2000) , which is found that the ICT can only support the physical integration.
Other four factors of successful collaborative design accumulate to Factor 2. The factors are related with integration of design process. The involvement of multi disciplines participants in design process caused the use of divergent software. This issue will lead to problems in modifying design process (Anumba et al., 2002) . Qin et al. (2003) suggested to use same software in the process to avoid the problems. This approach supports the invention of systems that capable to accommodate modification process of design object in one single software (Gu et al., 2011; Plume & Mitchell, 2007; Chiu & Lan, 2005) . Akin with software, the role of perception is to support the integration of design process as well, especially the design object. Similar perception will carry negotiation process (Ren et al., 2011) , in which it will also lead to support the decision making process of design (McCall & Johnson, 1997) . The achievement of similar perception is also as important as the used of similar software in the process. Both factors have role in collaborating design process with main consideration to design object.
Other two factors, which are personality and social relationship, are also grouped in Factor 2. Personality and social relationship are factors that support the integration of participants in design process, which have capabilities in influencing design as final result (Ping et al., 2011) . Having similar role with software and perception, both personality and social relationship are able to support the integration process with main consideration to participants. Some research has found that collaboration of participants is also needed (Patel et al., 2012 Vol. 7, No. 2; the collaboration (Vivacqua et al., 2011) . In supporting the collaboration, the social relationship, such as experience in working together, also has to be considered (Girard & Robin, 2006) . Rahmawati et al. (2013a) had conceptually separated those four factors into two main factors, but the result of factor analysis illustrates different finding. Result indicates that there are similarities and interdependencies between four factors, so that they gather into one factor. Gabriel and Maher (2002) found that in supporting collaboration, technical factors through KM application are the only important factor in the process. During the process, the role of technical factors is separately defined with other factors, including the social factors. Related with this, Vivacqua et al. (2011) had different finding, which indicated that the collaboration process are also need social factors. Social factors are important as well in the process. Vivacqua et al. (2011) and Gabriel and Maher (2002) have different point of view. Gabriel and Maher (2002) concerned to the collaboration of design object that was based on the important need of shared understanding achievement, meanwhile Vivacqua et al. (2011) concerned to the participants that was based on the influences of participants to the process which will lead to persuade result. But both findings have one general purpose which is supporting the collaboration process. It is reasonable if factors of both technical and social accumulate and become one factor. It can be explained that all those factors have similar importance in the process. Social factors are developed because of lack consideration of participants' collaboration in the process, while technical factors were mostly developed before. It can be also concluded that in conducting successful collaboration process, technical factors cannot stand alone; it also needs the social factors to achieve best collaboration. Both factors can be combined to technical-social factors.
Some research also found similar findings of technical-social factors (Lu et al., 2000; 2007; Rahmawati et al., 2012b) . Lu et al. (2000) developed socio-technical framework, which described conceptual model of the correlation between social and technical aspects in influencing collaborative design process. The conceptual model was then also developed by Lu et al. (2007) with purpose to integrate technical and social approaches in facilitating the achievement of successfulness. This development was underlying research that conducted by Rahmawati et al. (2012b) . Through literature study of collaborative design research, Rahmawati et al. (2012b) found factors that support collaborative design. Based on the purposes, factors can be grouped into two main supported factors, which are technical and social factors. Both factors were then combined and named as socio-technical factors.
Empirical Model of Successful Collaborative Design
Based on the analysis, empirical model of successful collaborative design is illustrated on Figure 8 . There are two important factors to successfulness. First factor is physical factor, which can be measured or indicated by the use of ICT-based tools and systems. Second factors is technical-social factors, that can be indicated by the use of similar software in the process, the achievement of similar perception, and also consideration to personality and social relationship in team design. 
Conclusion
Literature study had found important factors of successful collaborative design in supporting design process of sustainable project development. Based on the development of issues and approaches in collaborative design, the factors can be classified into three main factors, which consist of physical, technical, and social factors. The factors are then analyzed to identify similarities and interdependencies between each other by using factor analysis. The result indicates that technical factors and social factors have similarities, so that the factors become physical factors and also technical-social factors. Physical factors can be indicated by the application of ICT-based tools and system. Technical-social factors can be indicated by similar software and perception in the process, and also consideration of personality and social relationship of participants in design team.
